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In serial dilution bioassays for antifungal activity the extract or compounds to be tested have to be dissolved in a water miscible solvent. Five
animal fungal pathogens representing the different morphological forms subjected to water-miscible solvents had different minimum inhibitory
concentrations: acetone (51%) dimethylsulphoxide (45%), methanol (32%) and ethanol (30%). Methanol had an MIC of 44% for two yeasts and
16% for two other fungi. Acetone and dimethylsulphoxide appear to be the safest solvents to use in fungal bioassays.
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selectivity based on polarity, H-donor/acceptor or dipole moment
(Snyder and Kirkland, 1979) or alternatively solvents that would
extract a wide range of compounds (Eloff, 1998a) may be used.
The first approach does not yield promising results with extracts
of many Combretum species (Kotze and Eloff, 2002) and the
second approach with acetone as best extractant is widely used
(Eloff, 1998a). To quantify activity, the concentration in an extract
has to be known. We have found that dried extracts frequently do
not dissolve easily even when the original solvent to obtain the
extract is used. Because the extract will be evaluated for biological
activity, the effect of the solvent on the subsequent procedure
should be taken into account. Due to the ease of handling extracts
and fractions at a subsequent stage, acetone is preferable to
MeOH, EtOH and water, even when more hydrophilic com-
pounds are investigated because acetone extracts compoundswith
a wide variety of polarity from plants (Eloff, 1998a).
To quantify antimicrobial activities, extracts or an aliquot have
to be dried. In serial dilution bioassays the solvent has to be
miscible with water. Water frequently does not dissolve the
intermediate polarity or non-polar components of a dried extract.
A detergent such as Tween 80 could be added, but a detergent
could be toxic to microorganisms and complicates matters if any⁎ Corresponding author.
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doi:10.1016/j.sajb.2007.06.002subsequent work is to be done on the same extract. An alternative
is to use water miscible solvents such as acetone, methanol,
ethanol or dimethyl sulphoxide (DMSO). In work that we have
done over the past decade with many species of bacterial genera
such as Staphylococcus, Escherichia, Pseudomonas, Enterococ-
cus, Streptococcus, Actinomycees, Lactobacillus, Salmonella,
Campylobacter, Clostridium and Mycobacterium we have never
experienced any problemswith the negative control using acetone
as extractant at a final concentration of 25% that the microorgan-
isms are subjected to in the assay we use (Eloff, 1998b).
There is great interest in developing new antimycotics due to
the increased prevalence of systemic mycoses associated with
AIDS (Hostettmann et al., 2000). In some cases fungi are more
difficult to work with than bacteria and we have developed
methods for determining MIC (Masoko et al., 2005) and for
bioautography (Masoko and Eloff, 2006). In the process of
evaluating antifungal activity of extracts and isolated com-
pounds it is important to determine the toxicity of these solvents
to fungi.
Four solvents with different polarities (based on dipole
moment and dielectric constant) that could resolve the solubility
difficulty were used, i.e. dimethyl sulphoxide, acetone, methanol
and ethanol. Five species of fungi obtained from the Department
of Veterinary Tropical Diseases, Faculty of Veterinary Science
maintained on Sabouraud Dextrose agar (Oxoid, Basingstoke,
UK) were used as test organisms (Masoko et al., 2005). Thesets reserved.
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namely yeasts (Candida albicans andCryptococcus neoformans),
thermally dimorphic fungi (Sporothrix schenckii) and moulds
(Aspergillus fumigatus andMicrosporum canis) and are the most
common and important disease-causing fungi of animals.
Toxicity of different solvents on the selected fungi was
investigated using a macrodilution method and p-iodonitrote-
trazolium violet (INT) as indicator (Eloff, 1998b). This
procedure using 8% final concentration intervals would give a
more accurate MIC value than the two-fold serial microplate
dilution assay commonly used (Eloff, 1998b). Where fungal
growth was inhibited, the solution in the tube will remain clear
or have a distinct decrease in colour after incubation with INT.
Concentrations of 10% to 100% of DMSO, acetone, methanol
and ethanol were prepared in sterilized test tubes using sterile
distilled water. Fungal test organisms were grown in Sabouraud
broth. One milliliter of each culture was transferred into test
tubes containing 4 ml of the solvent and mixed well. Four
hundred microlitres of 2 mg/ml of p-iodonitrotetrazolium violet
(Sigma®) (INT) dissolved in water was added to each of the test
tubes. Test tubes were incubated for 3 to 5 days at 35 °C at
100% relative humidity to ensure adequate colour development.
Due to the dilution effect of the fungal culture added the fungi
were subjected to concentrations of 80%, 72%, 64%, 56%,
48%, 40%, 32%, 24%, 16% and 8% of the solvents used.
Different solvents inhibited the growth of different fungi at
different concentrations (Table 1). The values varied from 56%
with C. neoformans and S. schenckii in acetone to 16% with
M. canis and S. schenckii in methanol. On average the fungi
were most resistant to acetone (51%) and DMSO (45%) but
were relatively sensitive to methanol (32%) and ethanol (30%).
On average the two yeasts C. neoformans and C. albicans
were more resistant to the solvents, with an average MIC of
50% and 42% respectively, followed by A. fumigatus (40%).
S. schenckii and M. canis were more sensitive with an average
MIC of 34% and 32% respectively.
It is possible to calculate MIC values from the concentration
that inhibited the growth of the fungi, by considering the density
of the solvents. If the density of acetone is 0.8 g/ml then at aTable 1
Percentage of solvent that inhibited growth of the fungi and minimum inhibitory
concentration calculated from the concentrations
Microorganisms DMSO Acetone Ethanol Methanol Average
% final concentration of solvents that inhibited growth of fungus
C. albicans 48 48 32 40 42
C. neoformans 56 56 40 48 50
M. canis 48 48 16 16 32
S. schenckii 32 56 32 16 34
A. fumigatus 40 48 32 40 40
Average 45 51 30 32
Minimum inhibitory concentration in mg/ml of solvents
C. albicans 528 379 259 316 371
C. neoformans 616 442 324 379 440
M. canis 528 379 130 126 291
S. schenckii 352 442 259 126 295
A. fumigatus 440 379 259 316 349
Average 493 404 246 253100% concentration (1 ml/ml) it equals 1×0.8 g/ml=0.8 g/ml=
800 mg/ml. From this it follows that the concentration of 100%
acetone is 800 mg/ml. The MICs are presented in Table 1. Based
on MIC, DMSO is the least toxic of all the solvents tested but
this is an artifact due to the high density of DMSO followed by
acetone. The average MIC of DMSO on all tested fungi was
493 mg/ml, followed by acetone with 404 mg/ml, methanol
with 246 mg/ml and ethanol with 253 mg/ml.
From the brewing industry it is well known that modest
concentrations of ethanol and other alcohols lead to reduced
fermentation and growth rates of organisms, which produce
them, and that high concentrations are cytotoxic. The mecha-
nism by which these organic solvents affect the cell are poorly
documented; in many cases they are simply cited as being multi-
target or non-specific in their action (Lovitt et al., 1988). It is
however generally agreed that the cell membrane is probably the
primary target for organic solvents. The inhibition of 6 alcohols
on the growth of Saccharomyces cerevisiae correlated well with
increased partition coefficients into a hydrophobic milieu
(Carlson et al., 1991). This would suggest that the action of
these alcohols is primarily located at a hydrophobic site, possibly
at the membrane. Solvent toxicity is probably related to cellular
membrane integrity based on the correlation with the Hansch
parameter or log P, which is defined as the logarithm of the
partition coefficient of solvent in octanol–water phase system
(McKarns et al., 1997). Organic solvents with log P between
approximately 1 and 4 are considered extremely toxic for
microorganisms (Tao et al., 2006). In studies by these authors a
series of related compounds with different polarities were used
and in general the more non-polar or lypophylic solvents are the
most toxic. We found that there were not much difference in the
sensitivity of the different fungi to ethanol andmethanol but they
were more resistant to the relatively non-polar acetone.
Acetone and DMSO appear to be good solvents to use for
bioassays. The major difficulty with DMSO is the high boiling
point (189 °C), fortunately it is relatively volatile and can be
removed (with some difficulty) under high vacuum. If further
work has to be done on extracts and it is soluble in acetone that
is the solvent of choice, if not DMSO may be useful. In the two-
fold serial dilution method widely used (Eloff, 1998b) the final
concentration the microorganisms are subjected to is 25%.
Ethanol and methanol were toxic at concentrations of 16% with
some fungi. When ethanol or methanol is used in determining
antifungal activities it may give false positive results.
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